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heavy systems are strongly restricted by the uncertainty due to the finite nuclear size [8, 14] .
In Ref. [15] , a specific difference has been introduced for bound-electron g factors in H-and Li-like ions, for which the uncertainty due to the nuclear-size effect can be significantly reduced. With an apparent accuracy of 10 −9 for the bound-electron g factor one could probe higher-order QED corrections even for uranium ions, provided that nuclear polarization effects remain negligible.
In the present Letter, we evaluate nuclear-polarization corrections to the g factor in hydrogenlike ions. This reduces the remaining source of uncertainties in the prediction of nuclear effects. Moreover, we determine the ultimate limit of accuracy for QED tests in measurements of the bound-electron g factor in highly charged ions.
We consider a hydrogenlike ion with a spinless nucleus, which is placed in a homogeneous external magnetic field H corresponding to a vector potential A(r) = [H×r]/2. The energy shift of a bound-electron level a within first-order perturbation theory in the magnetic field (see Fig. 1(a) ) is given by (h = c = 1)
where
Choosing the z axis along the direction of the field H, i.e., H = (0, 0, H), one obtains for the energy shift
where µ 0 = |e|/(2m) is the Bohr magneton, m j is the z-projection of the total angular momentum, and g a is the bound-electron g factor, which depends on the electron configuration.
In the case of a Dirac electron in the Coulomb field of an infinitely heavy point-like nucleus, it yields [16] 
Here κ = (j + 1/2)(−1) j+l+1/2 is the relativistic angular-momentum quantum number, j is the total angular momentum of the electron, l = j ± 1/2 defines the parity of the state, ε nκ is the one-electron energy of the state given by
where n r = n − |κ| is the radial quantum number, n is the principal quantum number, γ = κ 2 − (αZ) 2 , N = (n r + γ) 2 + (αZ) 2 , and α = e 2 is the fine-structure constant.
Due to various QED and nuclear effects, the observed bound-electron g factor deviates from
its Dirac value (4). Here we consider the nuclear-polarization correction ∆g nκ , which is of particular importance in heavy ions.
The dominant contribution to the nuclear-polarization effect for heavy nuclei arises from virtual collective nuclear excitations. Three types of collective modes should be taken into account: (a) rotations of the deformed nuclei; (b) harmonic surface vibrations; and (c) giant resonances. In Ref. [17] , a relativistic field theoretical approach has been developed, where the nuclear-polarization effects are treated perturbatively, incorporating the manybody theory for virtual nuclear excitations within bound-state QED for atomic electrons.
The contribution of the nuclear vector current can be omitted, because the velocities associated with collective nuclear dynamics are nonrelativistic [18] . Accordingly, one is left with the longitudinal component of the effective photon propagator D 00 only due to the nuclear transition density-correlation function. In Coulomb gauge, it can be represented in terms of a multipole decomposition as follows [17] D 00 (r, r
Here ω L = E L − E 0 are the nuclear excitation energies with respect to the ground-state energy E 0 of the nucleus and B(EL) = B(EL; 0 → L) are the corresponding reduced electric transition probabilities. The radial shape parametrizing the nuclear transitions is carried by the functions
for the case of multipole excitations with L ≥ 1 and
for monopole excitations, respectively. Here R 0 is an average radius assigned to the nucleus in its ground state. The presence of Θ-functions in the expressions (7) and (8) 
Here the indices n and k in the sum run over the entire Dirac spectrum.
After integration over frequencies ω and summation over angular projections, Eq. (9) takes the form
The sum over κ 1 is restricted to those intermediate states,
Eq. (10), a two-component radial vector r|nκ is determined by
where P nκ (r) = rg nκ (r) and Q nκ (r) = rf nκ (r), with g nκ (r) and f nκ (r) being the upper and lower radial components of the Dirac wave function [21] , respectively. The radial matrix element is given by
and σ x denotes the Pauli matrix. The sum
can be evaluated analytically using the generalized virial relations for the Dirac equation [22] . The upper and lower components P nκ (r) and Q nκ (r) of the vector r|nκ read [10] P nκ (r) = 1
Finally, the corresponding irreducible part of the correction ∆g nκ can be expressed as
The reducible part of the graph depicted in Fig. 1(c) has to be considered together with the contributions resulting from diagrams 1(a) and 1(b). The corresponding corrections to the energy shift reads
leading to the g-factor correction
Here g D nκ is the Dirac g factor given by Eq. (4). In Eqs. (16) and (18), the sum l + l 1 + L again should be even.
Let us now turn to the nuclear-polarization correction to the vertex as depicted in Fig. 1(d) . The corresponding energy shift is determined by
The integration over ω and the summation over angular variables leads to the corresponding expression for ∆g ver nκ , which is conveniently represented as the sum of a pole term
and of a residual term
respectively. Here ∆g pol nκ accounts for the terms with n 1 = n 2 and κ 1 = κ 2 in the sums over intermediate states. The prime in the sum in Eq. (21) indicates that ε n 1 κ 1 = ε n 2 κ 2 when κ 1 = κ 2 , i.e., the pole contribution is supposed to be omitted. In Eqs. (20) and (21), the value l + l 1 + L has to be even. A second condition in Eq. (21) is that the sum l 1 + l 2 should be even as well. The total nuclear-polarization contribution to the g factor is determined
by the sum of all contributions given by Eqs. (16), (18), (20) , and (21).
We have evaluated the nuclear-polarization correction to the g factor taking into account a finite set of dominant collective nuclear excitations (see Table I ). For low-lying rotational and vibrational levels, the corresponding nuclear parameters, ω L and B(EL), have been taken from experiments on nuclear Coulomb excitation. In our estimates for the contributions due to giant resonances, we utilized phenomenological energy-weighted sum rules [20, 23] . The latter are assumed to be concentrated in single resonant states. In the present calculations, contributions due to monopole, dipole, quadrupole, and octupole giant resonances have been taken into account. To evaluate the infinite summations over the entire Dirac spectrum, the finite basis set method has been employed. Basis functions have been generated via B splines including nuclear-size effects [24] . The major contribution to the ∆g nκ results from the correction to the wave function (16) . This is due to the fact that the matrix element of the atomic magnetic-moment operator is saturated over the scale of atomic distances, while the influence of nuclear-polarization is essential in the vicinity of nucleus only. In the irreducible term, atomic and nuclear scales come into play simultaneously.
According to our numerical results, we conclude that introducing a specific difference of g factors of H-and Li-like heavy ions [15] does not eliminate all the nuclear effects. The influence of intrinsic nuclear dynamics becomes noticable at a level of accuracy of about 10 −9 for nuclei in the medium Z-range and increases up to 10 −6 in uranium. Since nuclear-polarization effects set a natural limit up to which bound-state QED can be tested, one is faced here with a situation similar to the one in Lamb shift experiments. However, within the expected accuracy of 10 −9 in g-factor experiments with heavy highly charged ions one may provide a tool for probing internal nuclear structure and for testing specific nuclear models.
The 
